(DNase).1} In a previous paper,2) we described the componentresponsible for flocculation of cells. The componentwas extracted from floes by treatment with 3m guanidine hydrochloride.
The guanidine hydrochlorideextracted cells (extracted cells) were reflocculated with not only the guanidine hydrochloride extract but also DNAs prepared from various bacteria. Heat-denatured DNA, however, had no flocculation activity. From reconstitution experiments using DNAs with different molecular weights, we concluded that a molecular weight higher than about 6 x 106 was required to flocculate the extracted cells. The present paper deals with DNAbinding activity of cells of this strain.
MATERIALS AND METHODS
Bacterial strain, media and cultivation. Pseudomonas strain C-120 was used throughout this study. Trypticase mediumand Trypticase-glycerol mediumwere as described previously.1* The latter mediumwas used for floe formation. The minimal medium contained salts of Trypticase medium and 0.4% glucose supplemented with cystine-HCl, tyrosine, histidine (each 500 lig/tnl) and biotin (0.01 /xg/ml). A half milliliter of an overnight culture of strain C-120 was inoculated into 6.5ml of the same medium in a 30ml test tube and incubated at 30°C on a reciprocal shaker.
Preparations of DNAs, Preparation of unlabeled and 3H-thymine-labeled DNAfrom Escherichia coli and 3H-thymine-labeled DNAfrom phage X was as described previously.2* 3H-thymine-labeled DNAfrom phage T4 was prepared as described by Hirose3) except that phage T4 (wild) and E. coli W31 10, as a host, were used. In brief, E. coliW31 10 was grown to^4660=0.5 in 100ml ofA medium composed of 100mM KH2PO4, 20mM (NH4)2SO4, l mM MgSO4, 2 im Fe(NH4)2(SO4)2 and 1 % glucose supplemented with thymine (5/Jg/ml). After infection of phage T4 (m.o.i. = 5), cultivation was continued for an additional 5 min. Cells were collected by centrifugation, resuspended in 100ml of fresh medium containing 3H-thymine (5^g/ml and total radioactivity of 30juCi) and incubated to cell lysis. Purification of phage particles and extraction of DNAwere carried out in accordance with the methods employed for phage X.2) The specific radioactivities of
DNAs from E. coli, phage X and phage T4 were 48,000, 2,000 and 1,800 dpm per ng ofDNA. Other procedures. DNAwas determined by the method of Burton4) with calf thymus DNA as a standard.
Extracellular DNAin the culture was determined with the supernatant obtained by centrifugation at 10,000 x g for 10min.
Chemicals. [Methyl-3HJthymine (30 Ci/mmol) was purchased from the Radiochemical Centre, Amersham, England. Pronase E and Pronase P were obtained from Kaken Chemical Co. Ltd., Tokyo. Trypsin (bovine pancreas, 2 x crystallized), a-chymotrypsin A (bovine pancreas, 3 x crystallized) and chymotrypsin inactivator (2-
were obtained from Sigma Chemical Co., St. Louis.
RESULTS
Presence of DNAbinding activity on cell surface of strain C-120
Since double stranded DNA selectively bound to extracted cells and caused their flocculation, 2) it was supposed that a com- WhenC-120 cells were grown in Trypticaseglycerol medium, they flocculated heavily.X) However, no or little flocculation occurred when other media such as glycerol-free Trypticase mediumor nutrient broth medium was used. To determine whether or not C-120 cells grown in various media have DNAbind- Table I . Flocculation of C-120 Cells at Various Growth Phases Induced by Addition of E. coli DNA C-120 cells were grown in Trypticase-glycerol medium. Cells were harvested from the cultures at the A660 indicated, washed twice with 50mMTris-HCl buffer (pH 7.4) and suspended in the same buffer. After centrifugation at 100 x g for 2 min to remove flocculated cells, A660 of cell suspensions were adjusted to about 6. Free cells thus obtained were flocculated with various concentrations of E. coli DNAsolution according to the procedures for reconstitution of flocs.2) Results were expressed as the amounts of DNArequired to give an extent of reconstitution of 50%. Extracted cells were prepared as described earlier. Total A660 of a culture was measured after DNase I (20 /ig/ml) treatment when C-120 cells were harvested.1* Measuredwhen cells were harvested.1} Not determined. Few floes were observed with the naked eye. Table II . Flocculation of C-120 Cells Grown in Various Media on Addition of E. coli DNA C-120 cells were grown in the indicated mediumand harvested from an overnight culture. The growth phase at which cells were harvested was the stationary phase. The other procedures were the same as described in the legend to carried out using C-120 cells grown in various media and E. coli DNA. Although C-120 cells poorly flocculated in all the growth media except for Trypticase-glycerol medium, they were flocculated upon addition of E. coli DNA. As shown in Table II, At the times indicated, cell growth and extent of flocculation (A), and the amounts ofDNAin the supernatants of cultures (B) were determined as described in Materials and Methods. As the medium itself contains DNA(10^ug/ Extracted cells were centrifuged at 2,000 x g for 10 min.
Precipitated cells were suspended in 50niM Tris-HCl buffer (pH 7.4), to give an A660 of6, which contained 2m of the indicated salts. The reconstitution experiment was carried out at 25°C using 0.5 ml of the cell suspension and 0.5 ml (0.25 /xg) ofE. coli DNAsolution containing 2 m of the indicated salts. Binding of DNAto cells expressed as a ratio of the percentage of radioactivity of DNAbound to cells to total radioactivity of DNA added to the reaction mixture. 
Effect of chemical modifications of strain C-120 cells on reconstitution offloes
If it is true that DNAmolecules are reversibly bound to cells through ionic bonds, DNA binding factor should be positively charged. That the DNA molecule has a negative charge as a whole at neutral pH owing to its phosphoric acid residues, and no flocculation factor other than DNAwas detected in the guanidine hydrochloride extract,2* suggested that DNAmolecules are We investigated the effect of chemical modification of amino groups on the cell surfaces in order to determine whether or not amino groups of DNA binding factor are involved in the binding of DNA. 2,4,6-Trinitrobenzene sulfonic acid (TNBS), which combines with amino groups covalently but cannot penetrate the cell membrane,5) was used as a reagent. As shown in Table IV 
Loss ofDNAbinding activity of extracted cells on protease treatment
Recently, we showed that the binding activity of extracted cells was not destroyed by treatment with a low concentration (50 jug/ml each) of Pronase E, DNase I or RNase A.
However, it was found that DNA binding activity was lost on incubation of extracted cells with higher concentrations (1 mg/ml) of proteases. As shown in Table V , DNAbinding activity of cells was lost with Pronases E and P but not with heated Pronase E. The extent of decrease in DNA binding activity with Pronase E was dependent on enzyme concentration and incubation time, indicating that the loss of DNAbinding activity was due to enzymatic activity of Pronase E. Incubation of extracted cells in the absence of protease did not influence the DNAbinding activity at all.
Although treatment with chymotrypsin reduced DNA binding activity, chymotrypsin inactivator (NCDC)7) counteracted the effect of chymotrypsin. Trypsin was not effective. It is unlikely that the decrease in DNAbinding activity of C-120 cells is due to the presence of impurities in chymotrypsin, because we used a Table V . Effect of Protease Treatment of C-120 Cells on Reconstitution of Flocs Extracted cells were incubated with the indicated enzyme with or without chymotrypsin inactivator (NCDC)at 37°C for 3 hours. After incubation, cells were washed twice with 50mMTris-HCl buffer (pH 7.4) and suspended in the same buffer to give an A660of 6. Reconstitution experiments were carried out using 0.5 ml of cell suspension and 0.5ml (0.25 /ig) of E. coli DNAsolution. Preincubation of Pronases E and P for selfdigestion at 37°C for 2 hours before reconstitution experiments did not influence the effects of these enzymes on DNA binding activity. These results suggest that the DNA binding factor is a proteinaceous component.
Binding of DNAsisolated from phage X and phage T4 to extracted cells Binding of DNAsfrom phages, with different molecular weights, to extracted cells was investigated. As shown in Fig. 2 , when phage X DNA was used, the maximum quantity of DNAbound to extracted cells was about 8.5fig per 1.2x 1010 cells. On the other hand, as shown in Fig. 3 , when phage T4 DNAwas used, the maximum value was about 20/ig per 1.2 x 1010 cells. These results indicate that T4 DNAwith a larger molecular weight (13x 107)8) is bound to extracted cells much more effectively than X DNAwith a relatively lower molecular weight (3.1 x 107). Phage T4 DNA added to the reaction mixture was quantitatively bound to extracted cells up to saturation. Assuming that DNAmolecules were not sheared while extracted cells were reflocculated with DNA, the number of DNAmolecules of phage T4 bound to one cell was estimated to be 8 molecules. In contrast with phage T4 DNA, phage X DNAwas not quantitatively bound to cells at concentrations higher than 1.5 /ig/ml. Although the maximumquantity of DNAbound to cells (8.5 When cells were cultivated in Trypticaseglycerol medium, they showed DNAbinding activity (Table I) . Furthermore, DNAbinding activity was present in cells grown in all media tested (Table II) . These results suggest that
DNAbinding factor is always present on the cell surface of strain C-120. Therefore, the existence of DNAbinding factor on the cell surface is necessary but not sufficient for floe formation. It was proved that release of DNA into the growth mediumwas an important factor for flocculation of cells (Fig. 1) . From the effects of proteases on reconstitution of floes, DNAbinding factor appears to be a proteinaceous component (Table V) . Although high concentrations of proteases were required to destroy the DNAbinding activity of extracted cells, the reason may be that DNAbinding factor has a structure resistant to digestion with proteases. It was supposed that ionic bonds were responsible for the association between DNA and DNA binding factor (Tables III and IV) . If amino groups of DNA binding factor are involved in the binding of DNA,anionic parts of DNA,presumably phosphoric acid residues, should be bound to amino groups. This assumption explains the absence of specificity of DNAwhich has flocculation activity. 2) In a previous paper, we discussed the similarities between binding of DNAto extracted cells of strain C-120 and binding of DNAto competent cells in an early step of genetic transformation. In the present study, we have shownthat about 10 molecules of DNAwere bound to one cell and DNAbinding factor appeared to be a proteinaceous component. Similar results were obtained for genetic transformation as discussed below.
Although receptors for the transforming DNA have not been directly identified yet, DNAbinding factor which appeared to be a protein was isolated from competent cells of Diplococcus pneumoniae, accompanied by a parallel decrease of the DNAbinding capacity of the extracted cells.9) In keeping with this, a mutant of Haemophilus influenzae, which was unable to take up double stranded DNA,was lacking a certain protein. 10) In the process of transformation, numbers of DNA uptake sites on the cell surfaces were estimated to be 30~80 in Diplococcus pneumoniae, 2~8 in Haemophilus influenzae and 20 -50 in Bacillus subtilis.n)
Although properties of DNAbinding factor of strain C-120 cells are not clear at present, it is supposed that DNA binding factor is a positively charged protein or at least has a positively charged region in it, Since the cell surface of strain C-120 has a negative charge as a whole, DNAbinding factors may be scattered on the cell surface.
